Background Monoblock acetabular components used in uncemented total hip arthroplasty (THA) have certain mechanical characteristics that potentially reduce acetabular osteolysis and polyethylene wear. However, the degree to which they achieve this goal is not well documented. Questions/purposes The purpose of this study was to use a systematic review of controlled trials to test the hypothesis that monoblock cups have superior (1) polyethylene wear rate; (2) frequency of cup migration; (3) frequency of acetabular osteolysis; and (4) frequency of aseptic loosening compared with modular components used in uncemented THA.
Introduction
Data from national joint registries show that in the last decade, the incidence of uncemented THA is increasing [25, 33] . Despite the increasing popularity of uncemented fixation techniques, data from the Swedish Hip Arthroplasty Register show inferior survival rates of uncemented total hip implants compared with cemented total hip implants, mainly as a result of the poorer performance of uncemented acetabular components [10, 25, 33] . However, in a systematic review of the literature conducted by Pakvis et al. [28] , the authors concluded that there is no evidence for the superiority of either cemented or uncemented acetabular component fixation.
Aseptic loosening of the acetabular is the most frequently reported reason for revision and is therefore the single most important limiting factor to the survival of uncemented THA [2, 10] . Aseptic loosening of acetabular components is a long-term complication in THA that is induced by osteolysis and polyethylene wear. Monoblock cups are a specific subset of acetabular components that provides possible solutions to these long-term challenges in THA.
Monoblock cups are nonmodular uncemented acetabular components in which the polyethylene liner and shell are factory-preassembled into a single solid construct. Therefore, locking mechanisms and dome holes are absent in monoblock acetabular components. These characteristics provide them with various advantages such as optimal liner-shell conformity, thicker polyethylene, and the elimination of liner-shell micromotion thereby eliminating the risk of backside wear [3, 39] . Furthermore, the absence of dome holes prevents the possibility of polyethylene wear debris particles to directly access the subchondral bone, thereby eliminating the associated risk of acetabular osteolysis [13] . However, there is disagreement about the degree to which the purported benefits of monoblock cups are achieved in clinical practice [35, 39] .
We therefore systematically reviewed the literature to determine the (1) polyethylene wear rate; (2) frequency of cup migration; (3) frequency of acetabular osteolysis; and (4) frequency of aseptic loosening of monoblock cups compared with modular components used in uncemented THA reported in the literature.
Materials and Methods

Search Strategy and Selection Criteria
We conducted a systematic review to assemble all (randomized) controlled trials comparing uncemented monoblock cups with modular acetabular components used in primary THA. According to the PRISMA statement [20] and MOOSE guidelines [32] , a systematic search was conducted in the Medline, Embase, and Cochrane electronic databases on October 4, 2012, using the precise syntax as displayed in Appendix 1.
The search syntax was built by the first author (JJH) to search for relevant terms in the title and abstract of all publications in the Medline, Embase, and Cochrane databases. The first half of the search syntax was built up from the term ''acetabular component'' combined with synonyms-singular and plural-using ''OR''. In the other half of the search syntax, the term ''monoblock'' or synonyms and known monoblock cup names such as ''one piece'', ''hedrocel'', ''morscher'', ''RM'' and ''iso elastic'' were used, also combined with the ''OR'' function. The final search syntax is synthesized by combining the results of the two performed searches using ''AND''. We did not use field limits or any limits with regard to publication date. Furthermore, we did not use ''mapping'', ''explosion search'', or ''MESH'' terms.
The search results were exported to an online Refworks account. All duplicates were identified and subsequently removed from the Refworks database. Only publications written in English, German, French, or Dutch were considered for review. The following predetermined inclusion criteria were used: clinical studies, reporting on uncemented monoblock acetabular components used in primary THA, reporting polyethylene wear, cup migration, osteolysis, and/or aseptic loosening as outcome measures. Titles and abstracts of all unique publications were screened for inclusion criteria. All publications that were considered eligible were subsequently retrieved in full text and the full-text publications were screened using our predetermined exclusion criteria. We excluded all studies that failed to meet our inclusion criteria, all animal studies, all noncomparative case series, case reports and expert opinions, and all studies with a duration of followup of less than 2 years. If multiple publications reported on the evaluation of a single cohort, only the publication with the longest duration of followup was included. Abstracts and unpublished series were also excluded. Of all remaining articles, the reference lists were checked to search for additional relevant publications. The study selection and the crosschecking of reference lists were done by one of the authors (JJH) with direct consultation of another author (AdG) in difficult cases. Agreement was reached in all cases.
Study Quality Assessment and Best Evidence Synthesis
Study quality was appraised using the checklist from the Cochrane Back Review Group [6] for randomized controlled trials and the Newcastle-Ottawa quality assessment scale [36] for nonrandomized studies. All studies that scored ''yes'' on 50% or more of the items of the Cochrane Back Review Group checklist or 75% or more on the Newcastle-Ottawa quality assessment scale were considered ''best evidence'' (Tables 1, 2). The actual close-reading and quality assessment of all relevant publications were done by two of the authors (JJH, AdG) independently. The final quality score for each publication was awarded in consensus.
Our search yielded a total of 374 publications. After removal of duplicates, 203 unique publications remained. Titles and abstracts of all publications were screened for our predetermined inclusion criteria, after which 51 publications were considered eligible. These 51 publications were then obtained in full text. After applying our exclusion criteria, a total of six unique publications remained. Checking the reference lists of all eligible publications yielded one other publication meeting our in-and exclusion criteria as described previously ( Fig. 1) .
Of the remaining studies, three were randomized controlled trials and four were nonrandomized comparative studies. One randomized study scored less then 50% on the Cochrane Back Review Group checklist and was therefore excluded from the ''best evidence'' assembled in this review [17] . One nonrandomized study was scored less than 75% on the Newcastle-Ottawa quality assessment scale and also excluded from the ''best evidence'' [16] .
The remaining ''best evidence'' was assessed for heterogeneity by two of the reviewers (JJH, AdG).
Results
There were no differences in acetabular polyethylene wear rates between monoblock and modular cups in the two comparative series that reported on this end point. Those studies, both matched-pair case-control studies comparing monoblock cups with modular uncemented cups [8, 39] , found no significant differences in polyethylene wear rate at intermediate-term followup (mean, 5.3 years, range, 3.8-8.0 years and mean, 5.65 years, range 5.0-7.8 years).
Migration rate was also similar between monoblock cups and modular uncemented cups. In a stratified prospective case series, no significant difference in mean total migration rate within the first 2 years of followup was found between a noncoated monoblock cup and the modular porous-coated anatomic cup (PCA cup; Howmedica, Rutherford, NJ, USA) [18] . Total migration rate of[1 mm within the first 2 years was found to be highly predictive for late aseptic loosening [18] . Furthermore, in the randomized controlled trial between the monoblock Trabecular Metal (Zimmer, Warsaw, IN, USA) cup and the modular Trilogy (Zimmer) cup, radiostereometric analysis, no significant differences in migration were found with regard to translation at 2 years followup. However, the monoblock cup showed significantly less rotation along the transverse axis at 2 years followup [3] . The comparison for frequency of osteolysis yielded mixed results. The two previously mentioned matched-pair case-control studies also reported frequency of acetabular osteolysis at intermediate-term followup (approximately 5 years, as noted earlier) [8, 39] . One study found a significant difference in favor of the monoblock cups [39] , whereas in another slightly larger study, this difference was relatively small and not significant [8] . This first study by Young et al. [39] reported a frequency of acetabular osteolysis of 2% versus 22% for the monoblock and modular cup, respectively (p = 0.01). In the other study by Gonzalez Della Valle et al. [8] , there was only one case of acetabular osteolysis in the modular group and only one case of osteolysis of the femoral calcar in the monoblock group [8] . The authors therefore conclude that there is no significant difference in periprosthetic osteolysis.
There were no differences in implant survival using aseptic loosening as the end point. In a previously mentioned study comparing survival for aseptic loosening of a noncoated monoblock cup with the modular PCA cup, no Fig. 1 From the 203 unique publications that were found in the systematic literature search, only five publications were selected as ''best evidence'' of controlled trials. significant difference was found after 8 years of followup [18] . In another study evaluating data from the Swedish Hip Arthroplasty Register comparing monoblock cups with a modular uncemented cup, no significant difference in the risk of revision for any reason was found at intermediate-term followup (4 and 6 years) [35] . However, this result is difficult to interpret because the two groups differed significantly on several baseline characteristics, including age, duration of followup, the percentage of previous pediatric hip disease, and the distribution of highly crosslinked polyethylene (versus ultrahigh-molecular-weight polyethylene).
Discussion
The specific properties of monoblock acetabular components theoretically reduce polyethylene wear and acetabular osteolysis, thereby increasing their longevity. We conducted a systematic review of controlled trials to test the hypothesis that monoblock cups used in uncemented THA have superior (1) polyethylene wear rate; (2) frequency of cup migration; (3) frequency of acetabular osteolysis; and (4) frequency of aseptic loosening compared with modular uncemented acetabular components.
This study had a number of limitations. First, the quality of this systematic review is limited by the quality of the primary studies, mostly Level III nonrandomized controlled trials, which could suffer from selection bias. Second, the limited number of relevant studies, their heterogeneous designs, and differences in reporting the outcome measures of interest prevented the pooling of data to be able to perform a meta-analysis. This complicates the interpretation and generalization of the results found in this systematic review. Third, quality assessment checklists were used to select the ''best evidence'' from the studies identified in this review. Although the use of quality checklists is under debate [38] , we found that the use of these checklists was a helpful tool in the critical appraisal of the included studies. A 50% threshold is established for the Cochrane Back Review Group checklist [6] . For the Newcastle-Ottawa quality assessment scale [36] , we used a 75% threshold for inclusion. Although this 75% cutoff is arbitrary, we found that it discriminated well between studies that were methodologically well designed and those that were not. The study that failed to meet the 75% threshold had a demonstrably poorer quality mainly as a result of inappropriate patient selection and the consequently lacking representativeness and comparability of the groups under study [16] . We reviewed the performance of ''true'' monoblock uncemented acetabular components in THA. The PCA cup and Anatomic Medullary Locking Trispike cup (DePuy, Johnson and Johnson, Warsaw, IN, USA) were not considered a monoblock cup. These two acetabular components are nonmodular in the sense that they are factory-preassembled and do not allow for liner exchange. However, these cups are not monoblock cups because they lack liner-shell conformity and are still connected through a locking mechanism, thereby allowing for micromotion between the liner and shell to generate backside wear. Furthermore, a dome hole is present in the PCA cup. In this review, the remaining true monoblock cups have been grouped together based on these principles and we believe this is justified. However, monoblock cups from different manufacturers have substantially different designs (Table 3 ) with different degrees of radiodensity and different ways of osseointergration. For, example the Morscher cup has a titanium mesh backing, which allows for both bone in-and ongrowth, where the RM classic cup with a thin titanium coating predominantly allows for bone ongrowth. Furthermore, the materials used in monoblock cups, either tantalum or titanium, have different mechanical properties (ie, elastic modulus and frictional coefficient) resulting in differences in fixation strength and stress-shielding with subsequent changes in bone mineral density of the acetabular host bone [23] . These structural differences among monoblock cups could be confounders in the assessment of acetabular osteolysis and the radiological assessment of cup loosening. The evidence from this systematic review of controlled trials shows no difference in the polyethylene wear rate between monoblock and modular acetabular components at intermediate-term followup [8, 39] . Although monoblock cups have the theoretical advantage of eliminating backside polyethylene wear, this does not lead to a decrease in polyethylene wear rate compared with modular cups. This could be explained by the fact that backside wear is estimated to be at least three orders of magnitude (1000 times) less than the polyethylene wear at the articular surface [19] . Therefore, clinically relevant polyethylene wear is not affected by modularity of the acetabular component. In a case series evaluating 158 titanium-coated RM cups (monoblock cups) at 13.2 years followup (10-18 years), a polyethylene wear rate of 0.11 mm/year was reported [27] . In the same study, polyethylene wear was reported as the primary reason for revision in 4.4% of all cases and femoral osteolysis in the presence of polyethylene wear was reported as the primary reason for revision in another 4.4% of all cases [27] . Therefore, further improvements in polyethylene durability are still needed to eliminate the clinical problems resulting from polyethylene wear. Current developments, like the stabilization of highly crosslinked polyethylene with vitamin E, could possibly provide the solution for polyethylene wear in the future [5, 26, 37] .
Best evidence analysis showed no difference in migration between monoblock and modular acetabular components with regard to translation (= migration in the horizontal or vertical plane) [3, 18] . Primary stability is the prerequisite for osseous in-and ongrowth, which is necessary to achieve long-term fixation in uncemented THA [31] . Total migration rate of[1 mm within the first 2 years after implantation was found to be highly predictive for late aseptic loosening [18] and migration rates well below this threshold were reported on different monoblock cups in several uncontrolled case series [22, 27] . The fact that the best evidence of controlled trials showed no difference in migration between monoblock and [8] modular cups could predict that long-term survival will not be different. In one of the primary studies, a monoblock cup showed significantly less rotation along the transverse axis compared with a modular cup at 2 years of followup [3] . However, the clinical implications of this finding are not well documented. We hypothesize that the surface roughness and the quality of the press fit, rather than modularity of the cup, will be of major influence on primary stability and subsequent migration of an uncemented acetabular component.
The best evidence assembled in this systematic review comparing frequency of osteolysis between monoblock and modular cups yielded contradictory results ( Table 2) . One matched-pair case-control study found a significant difference in favor of the monoblock cups (2% versus 22%, p = 0.01) [39] , whereas in another slightly larger matched-pair case-control study, this difference was relatively small and not significant (0% versus 1.5%, p = not available) [8] . Therefore, it is not feasible to draw conclusions on the difference in frequency of osteolysis between monoblock and modular cups. Moreover, substantially different rates of osteolysis were reported on different monoblock cups in noncomparative case series, ranging from 0% to 15% reported for monoblock cups with 10 to 20 years of followup [4, 7, 9, 11, 12, 21, 24, 27] . As noted earlier, the different designs and material properties of monoblock cups from different brands could be confounding factors, having different degrees of radiodensity, different mechanical properties, and different ways of osseointergration (osseous in-or ongrowth). The RM classic cup is in the vast majority of cases fixated with supplementary screws [1, 11, 12, 14, 15, 24, 27] , where other monoblock cups are press fit implanted without using supplementary screws. Former research showed that supplementary screw fixation is associated with increased rates of acetabular osteolysis [30] .
Best evidence analysis showed no difference in implant survival using aseptic loosening as the end point. However, in the only ''best evidence'' study reporting survival with aseptic loosening as the end point, a modular PCA cup was compared with a noncoated RM cup [18] . The RM cup was introduced as a noncoated uncemented acetabular component. As shown by Roffman and Kligman [29] , the noncoated RM cup proved inferior compared with the coated cups (either with hydroxyapatite or titanium). The noncoated RM cup showed poor osseointegration and high rates of aseptic loosening [29, 34] and is therefore currently abandoned. Therefore, this ''best evidence'' study [18] is not representative of the current generation of monoblock acetabular components. The Swedish Hip Arthroplasty Register Annual Report 2010 indicates that the 10-year survival of all uncemented implants is 97.7% with revision for aseptic loosening as the end point [33] . Long-term results from uncontrolled (noncomparative) case series that have been published on several monoblock cups of the current generation (ie, the titanium-coated RM cup, the Morscher cup, and the Trabecular Metal cup) show a 10year survival for aseptic loosening within the range or higher than the survival reported in the Swedish Hip Arthroplasty Register [4, 7, 9, 11, 12, 14, 21, 24, 27, 33] . Those studies represent the potentially good clinical results with the use monoblock cups in clinical practice. However, uncontrolled case series tend to inflate apparent benefits of treatment because they suffer terribly from selection and publication bias and to draw any conclusions from them with regard to the comparison with modular cups would be unjust. Another ''best evidence'' study found no significant difference in the all-cause survival rate of monoblock versus uncemented modular cups [35] . However, the study by Weiss et al. [35] had important selection bias, because the groups differed significantly in baseline characteristics such as age, duration of followup, and the percentage of previous pediatric hip disease. Also highly crosslinked polyethylene was not available for the monoblock acetabular components included in the study. Furthermore, the relatively small size of the monoblock group as well as relatively short followup compared with the reference group increased the risk of type II error (unjustly fail to reject the null hypothesis). Therefore, it remains impossible to conclude whether monoblock cups have superior frequency of aseptic loosening compared with modular acetabular component in uncemented THA. Further research in the form of randomized controlled trials might be able to answer this question.
In summary, best evidence analysis in this systematic review of controlled trials showed no difference in polyethylene wear rate and frequency of cup migration and aseptic loosening between monoblock and modular acetabular components [3, 8, 18, 35, 39] . Furthermore, there was no convincing evidence for a difference in the frequency of osteolysis between monoblock and modular uncemented cups [8, 39] . The purported benefits of monoblock cups seem to be largely theoretical. Therefore, implant choice in uncemented THA should be based on other factors rather than implant modularity. EMBASE 'acetabulum':ab,ti OR 'acetabular component':ab,ti OR 'acetabular components':ab,ti OR 'cup':ab,ti OR 'cups':ab,ti OR 'socket':ab,ti OR 'sockets':ab,ti AND 'monobloc':ab,ti OR 'monoblock':ab,ti OR 'non modular':ab,ti OR 'nonmodular':ab,ti OR '1 piece':ab,ti OR 'one piece':ab,ti OR 'morscher':ab,ti OR 'rm':ab,ti OR 'hedrocel':ab,ti OR 'iso elastic':ab,ti OR 'isoelastic':ab,ti COCHRANE ''acetabulum'':ti,ab,kw OR ''acetabular component'':ti,ab,kw OR ''acetabular components'':ti,ab,kw OR ''cup'':ti,ab,kw OR ''cup'':ti,ab,kw OR ''socket'':ti,ab,kw OR ''sockets'':ti,ab,kw AND ''monobloc'':ti,ab,kw OR ''monoblock'':ti,ab,kw OR ''non modular'':ti,ab,kw OR ''nonmodular'':ti,ab,kw OR ''1 piece'':ti,ab,kw OR ''one piece'':ti,ab,kw OR ''morscher'':ti,ab,kw OR ''rm'':ti,ab,kw OR ''hedrocel'':ti,ab,kw OR ''iso elastic'':ti,ab,kw OR ''isoelastic'':ti,ab,kw
Appendix 1. Search Syntax
